Introduction
Several reports (7, 8, 22) have described apparently fundamental changes in the rates and nature of respiratory pathways during infection of higher planit tissues by obligate parasites, particularly rust fungi. Although disease can cause increases of 400 % in rates with a marked lowering of C6/C1 ratios, there is considerable uncertainty about the carbohydrate changes which accompany the respiratory alteration. Allen (1) first reported increases in sucrose and hexoses in wheat infected by powdery mildew. Gerwitz and Durbin (10) have described increases in both reducing and non-reducing carbohydrates in wheat infected by rust fungi while otbers (5, 15, 16) have reported marked decreases in both types of compounds. Shaw and Samborski (22) found increases at 3 and 7 days after infection of wheat with rust fungi, but at 5 and 10 days the diseased tissue contained less sucrose and hexose than healthy controls.
Inman (13) has pointed out that the amount of infection and the stage of parasite development are two factors which are important in such studies. With heavy infection of the bean rust fungus, the levels of reducing and non-reducing carbohydrates increased by 50 and 300 %, respectively, just prior to sporulation. Subsequently, and within 72 hours, the levels fell to 50 % of control tissue. With progressively fewer infections per unit of leaf area the changes were neither as great nor as abrupt in time. In cases of light infection the concentrations of soluble carbohydrate did not fall below the levels in control plants.
It is of interest that, despite the consistently low C6/C1 ratios in conjunction with high rates of respiration, only the usual hexoses and sucrose have been positively identified in In view of the possible bearing that levels of infection (13) may have in correlating respiratory and carbohydrate changes, the present study was undertaken with heavy infections of safflower and bean rust fungi. Preliminary data (13) with radioactive tracers indicated that the carbohydrate-containing fractions of rusted bean tissue contained at least one unreported additional compound with Rf value suggestive of a pentose. The experiments to be described were done in an attempt to relate products of glucose metabolism to respiratory changes involving preferential release of C1 carbon (luring disease development in safflower.
Materials & Methods Safflower (Carthlamuiis tinctoriouis L.) and bean (Phaseolus vulgaris L. var. Great Northern 59) were grown under controlled environmental conditions described previously (7, 8 
Results
Preliminary separation, with two passes in several solvents of extracts from healthy safflower tissue which had metabolized glucose-U-C14 (0.5 mg/ml, 106 cpm/ml) for 4 hours indicated that healthy tissue contained fructose, glucose, sucrose, and several poorly resolved components near the origin which produced a yellow color with phloroglucinol but did not react with aniline hydrogen phthalate. Radioactivity was present only at the sucrose, glucose, and fructose areas. Chromatograms of similar amounts of extracts from diseased tissue showed the same components to be present but the smaller spot sizes indicated lower concentrations per unit of tissue. The distribution of radioactivity on chromatograms from diseased tissue was different from that from healthy tissue. The sucrose area was more highly radioactive, while the glucose and fructose areas were not satisfactorily delineated with respect to radioactivity. In addition, the area corresponding to xylose migration was highly radioactive. The results were similar to those of Wang (26 as cpm for the entire area of each spot after correction for background and differences in initial specific activity of glucose.
There are several factors which handicap attempts to make meaningful comparisons of the absolute amounts of radioactivity from individual carbons into specific compounds present in healthy and diseased tissue: the different rates of sugar uptake and subsequent metabolism, the greater losses of certain carbon atoms via respiration ( In diseased tissue, A was highly tagged but approximately in equal percentages from C,, C., and C6, suggesting that this material may be formed by direct incorporation of glucose into a disaccharide. The lower activity at the sucrose region, although higher than in other experiments (fig 2) , suggests lower rates of synthesis in diseased plants than in healthy tissue. It is to be noted that incorporation into unknown B, which has an Rf similar to sedoheptulose is higher from C, and C, than from C6.
The most significant difference in Cl, C., and C6, incorporation for diseased tissue is in unknown C which had lower total activity and percentage from glucose-i-C14. This suggests that this compound arises from the metabolic system connected with the preferential release of C, as carbon dioxide. The Rf also is suggestive of a pentose material. At the present time it is not possible to explain the appearance of approximately five per cent of the total activity from C, in this region of the chromatogram. Several possibilities exist-there may be other components which co-chromatograph with C, randomization of label (as for example in an aldolase reaction), or reactions analagous to the glucuronic acid pathwvay ( 11 ) .
Similar materials were found in bean leaves infected by rust fungi. (3) pro(lucedl a strong color with unknown C in some extracts, but in some instances a positive reaction with B and C was difficult to obtain because of the backgroundl color of the chrolmiatogram paper.
Since it was possible that the aimiounits were too low for reaction, concentration of the unknowns was attemiiptedl by eluting the radioactive areas from chromatograms prepare(d by applying a thin band of extract and developing for approximately 100 hours in BEW. The extract was the same as for figure 1. Spraying spots representing a tenfoldl increase in concentration gave goo(d reactions -with permanganate perio(late for all compounds and, in addition. there were faint colors produce(d with phloroglucinol and aniline hydrogen phthalate. However, the latter were probably the result of contamination of B with fructose and glucose and of A with sucrose (see fig 1) .
Since A had a nmigration rate characteristic of an oligosaccharide, several tests with different preparations from band separations w-ere carrie(d out to deterlmline component sugars. Hydrolysis in 1.5 N HCl for 2.5 hours at 100 C was followed by one dimensional chromatography. Approximately 93 % of the activity was obtaine(d at the glucose area and 7 % remainie(l at the origin (table TV) .
Of known oligosaccharides. trehalose appeared to be miiost similar to A an(d a series of comparisons of the unknown, trehalose, an(l maltose was ma(le. The Rf values in BEW and EAW were identical to trehalose as was the reaction to spray reagents. Both trehalose and the unknown produced strong color only with permanganate periodate. The time require(l for reaction with both compoun(ds was muclh slower than for other (lisaccharides tested. According to Pigman and Goepp (18) , trehalose is resistant to hydrolysis when compared with other oligosaccharides. A comparison of the ease of hydrolysis of A. trehalose, and maltose is shown in table IV.
In this experiment, preparations of knowns andl A were mixe(d with equal volumes of 2 N HCI. Im- (9) . Such compounds have been observed in plant tissues (6) .
As indicated previously, randomization effects impose limitations on the interpretation of the relatively slight differences observed.
Recent studies have demonstrated the existence of dehydrogenases which convert pentuloses, hexuloses, and heptuloses to corresponding alcohols (27) (4) . A supply of exogenous sugar alcohol would act reversibly to inhibit oxidative pentose metabolism and inhibit rust development.
Although the major emphasis in the literature has been on wheat rust diseases, while the present study used bean and safflower as host, the existence of similar materials in all species indicates common pathways (7) . The possibility that trehalose or sugar alcohols may be present in rusted tissue would necessitate re-examination of previous analytical data on carbohydrate levels, especially in comparisons of resistant and susceptible plants. Mild analytical procedures for non-reducing sugars, designed to detect sucrose, probably would fail to detect trehalose. Similarly, analytical data based on elution of spots revealed by sprays also might be misleading. Positive quantitative identification of these compounds is essential and is in progress.
Summary
Rust-affected safflower and bean tissues, characterized by high rates of respiration and low C6/C1 ratios, have been shown to contain at least three components resembling carbohydrates which are not detectable in healthy tissues. Chromatograms of neutral, lipid-free extracts from diseased tissue which had been fed uniformly labelled glucose showed high levels of activity at regions corresponding to a disaccharide (A), hexose (B), and pentose (C). Through the use of glucose labelled in the 1, 2, or 6 positions, it was shown that C probably arises after the removal of the first carbon of glucose and, therefore, is directly related to the low C6/C1 ratios observed during infection. Compound A, however, appeared to be synthesized from the intact glucose molecule and yielded glucose on acid hydrolysis. The metabolic origin of B is uncertain.
Although none of the materials could be detected by the usual carbohydrate spray reagents, all gave positive permanganate periodate reactions indicating polyol structures. On the basis of Rf values and ease of hydrolysis, A appeared to be trehalose, a disaccharide found in fungi. It is suggested that since C co-chromatographs with arabitol, previously found in rust spores, unknown C may be a sugar alcohol produced by 
